OBJECTIVES: Thoracoscopy is an effective treatment method for pleural empyema; however, it is still not well defined as to which patient subgroups could benefit from it the most. The aim of the study was to identify preoperative factors that could facilitate selecting appropriate surgical intervention and to evaluate early postoperative period.
INTRODUCTION
Pleural empyema has been a known medical condition from ancient times and still remains a serious medical problem throughout the world due to the rising morbidity and mortality associated with it.
The principal means for managing pleural empyema include controlling the infection, evacuating infected material and enabling full lung re-expansion [1] . Different surgical interventions are used for the evacuation of infected material and refilling residual space with the lung. Hence, surgical management of pleural empyema plays an important role in the treatment of this disease, already described long ago by Hippocrates [2, 3] . Traditionally, open thoracotomy represented the mainstay of treatment for this condition, but recently numerous attempts have been made to replace it by video-assisted thoracic surgery (VATS) [2, [4] [5] [6] . The precise role of VATS in the management of pleural empyema remains controversial, and no consensus of recommendations are currently available to guide which surgical method should be used in different patient subgroups [7] . Several recent studies suggest that VATS and open thoracotomy have similar treatment success rates and are equally effective. VATS, being less invasive, provides additional advantages of decreased postoperative discomfort, less pain, better cosmetic outcomes, higher patient satisfaction and a shorter hospitalization stay, especially if performed relatively early [6] [7] [8] . However, in up to 59% of patients, VATS is inadequate and conversion to open thoracotomy is necessary [9, 10] . Redo surgery after a VATS empyemectomy augments to 11.5% and is higher when compared with direct open thoracotomy [6, 7] . Thus, a failed VATS empyemectomy results in a longer operating time, a longer hospital stay and a higher need for reintervention and treatment at the intensive care unit (ICU) and therefore increases treatment cost. The identification of preoperative factors that might help surgeons to select appropriate intervention could greatly benefit current clinical practice.
MATERIALS AND METHODS
All patients were prospectively included in the study irrespectively of chronicity of empyema (Stage II/III) during the period from January 2011 to June 2014.
The diagnosis of empyema was confirmed in all cases when at least one of the following features was present: purulent or opaque pleural fluid, positive fluid culture, loculations demonstrated by a computed tomography (CT) scan or specific characteristic of pleural fluid analysis (pH < 7.3, glucose <2.22 mmol/l, lactate dehydrogenase >1000 IU/l, white blood cell >500/ml) and general clinical signs of infection. We excluded patients with previous thoracic surgery, pulmonary or pleural malignancy, bronchopleural fistula, mediastinitis or empyema necessitatis.
All included patients underwent VATS. All surgical procedures were performed under a general anaesthesia using a doublelumen endotracheal tube for single lung ventilation. Two or three thoracoscopic ports were used. All infectious materials (fluid, solid debris and adherent peel from pleura) were removed, and the lung was completely mobilized and decorticated. Material for microbiological analysis was collected in all patients. At the end of the procedure, usually two 32 French chest tubes were inserted. In certain cases, it was impossible to perform the operation successfully during VATS. In these cases, when it was impossible to enter the pleural cavity safely due to firm adhesions or to completely remove all debris from the underlying pulmonary surface in order to achieve sufficient lung re-expansion, conversion to the open thoracotomy was considered.
The failure of VATS in terms of conversion was the main analysed outcome. There were 2 patient groups: VATS group (operation ended successfully by VATS) and conversion group (VATS operation was converted to open thoracotomy).
Different preoperative factors were analysed in order to establish whether they could predict this conversion. These factors included sex, age, duration of illness (the time from symptom onset to surgery), previous treatment with antibiotics and therapeutic interventions such as thoracocentesis or intercostal drainage. Body temperature on admission, comorbidities (according to the Charlson comorbidity index [11] ) and the presence of frank pus in pleural cavity were also included into the analysis. The laboratory blood variables assessed included preoperative haemoglobin concentration, white blood cell count and serum C-reactive protein level. The laboratory pleural fluid variables assessed included positive culture, pH, protein, glucose, lactate dehydrogenase levels, white blood cell count and leucogram. Radiological variables were analysed from CT scan images: the number of loculations, the total volume of empyema, the density of pleural fluid collection (in Hounsfield units), the thickening of parietal pleura and the presence of air bubbles in the empyema cavity. Chest X-rays were used to assess the percentage of opacified hemithorax.
The duration of hospital stay, postoperative hospital stay, time spent in ICU, operating time and postoperative morbidity and mortality were also analysed.
Prolonged air leak (>5 days), persistence of disease (persistent clinical signs and significant amount of effusion in the pleural cavity), haemothorax, wound infection and death were considered as complications.
Statistical analysis
The statistical analysis was performed using SPSS 19.0 for windows (SPSS Inc. Chicago, IL, USA). Categorical data were presented as frequency (%), and continuous variables were expressed as a mean ± standard deviation (SD) if there was a normal distribution; otherwise, as median and quartile range. Normal distribution of continuous data was tested by the Shapiro-Wilk test. Categorical data were compared using the v 2 test or Fisher's exact test, and continuous variables were compared using the t-test for normally distributed variables and the Mann-Whitney test for non-normally distributed variables. Potential outcome predictive factors were evaluated using univariable and multivariable binary logistic regression analysis models. A statistical significance level was set at 0.05.
The study was approved by the Regional Bioethical Committee.
RESULTS
There were 71 patients prospectively included in the study. All patients had VATS performed initially for Stage II/III nonspecific pleural empyema. The majority of patients (87.3%) were men, the mean age was 52 ± 16 years.
VATS was successfully performed in 53 (74.6%) cases, whereas in 18 (25.4%) cases conversion to open thoracotomy was required. Obliterated pleural space by firm adhesions (in 12 patients) and failure to achieve total lung re-expansion (in 6 patients) were the main factors necessitating this conversion. Preoperative features of these patients are shown in Table 1 .
Positive pleural fluid cultures were observed in 23.9% of cases, and there was no significant difference between VATS and conversion groups. The spectrum of identified pathogens is shown in Table 2 .
The mean operating time for all patients was 82 ± 26 min. There was a significant difference between VATS and conversion groups in mean operating time (76 ± 22 and 100 ± 28 min respectively, P < 0.001).
The median duration of the hospital stay was 11 days (quartile range 9-16) and the median postoperative stay was 7 days (quartile range 6-10). The median time of keeping the chest tube in place after surgery was 4 (3-6) days. None of these measures differ significantly between VATS and conversion groups. The conversion group required a longer stay in the ICU. The mean duration of the ICU stay was 0.62 ± 0.66 days in the VATS group and 0.94 ± 0.54 days in the conversion group, P = 0.045. The need for the ICU stay was higher in the conversion group (83%) when comparing with the VATS group (53%), P = 0.022 (Table 3) .
A univariable binary logistic regression analysis of possible conversion predictors demonstrated that the duration of illness and frank pus in the pleural aspirate significantly increased the conversion rate. Looking for independent predictors of conversion on a multivariable logistic regression analysis, we found that each day of illness prior to surgery (odds ratio 1.1, 95% confidence confidence interval (CI) 1.0-1.2, P = 0.004) and frank pus in aspirated fluid (odds ratio 4.4, 95% CI 1.2-15.3, P = 0.021) significantly increased the chance of conversion (Table 4) .
According to the receiver-operating characteristic analysis, the duration of illness had a high predictive value for conversion (area under the receiver-operating characteristic curve 0.8, 95% CI 0.7-0.9, P < 0.001). The cut-off value for the duration of the illness was 16 days with sensitivity of 94.4% and specificity of 54.7% (Fig. 1) . The conversion rate according to the duration of illness is shown in Fig. 2 .
Postoperatively, VATS and the conversion groups did not differ significantly in complication rates. A total of 14 (19.7%) patients suffered postoperative complications during hospital stay ( Table 5 ). Six of them required redo surgery: 3 patients due to persistence of disease and another 3 due to postoperative haemothorax. All 6 patients who required redo surgery in the early postoperative period had successful VATS surgery initially. None of the patients who underwent conversion required redo surgery. Two patients returned during the first month after discharge with recurrence of the disease. Both patients were from the VATS group, and both required redo surgery as well. Further analysis determined that the majority of patients requiring redo surgery (7 of 8) had a longer duration of illness (> _16 days) ( Table 6) .
One patient from the conversion group died. The cause of death was severe hepatic cirrhosis. The 30-day mortality rate was 1.4%.
DISCUSSION
Pleural empyema is a complex clinical entity that has defied randomized controlled trials and efforts to define the best clinical practices because of the multitude of patient and disease-related factors that determine treatment outcomes [3, 12] . Even with moderate or minimal infectious or respiratory symptoms, pleural empyema exposes the patient to devastating morbidity if neglected or treated surgically too late. Understanding of preoperative predictive factors for unsuccessful VATS surgery in terms of conversion is, nevertheless, critical to choosing the best therapeutic approach.
Patient selection for surgery and the time and the type of surgical intervention usually remain a matter of expert opinion and varies widely between institutions [13] . Despite the advantages of VATS, the reported conversion rate to open thoracotomy increases to 59% [1, 3-10, 12, 14-22] . The conversion rate in our study, which included patients with Stage II and III empyema, was 25.4%. Conversion to the thoracotomy is usually considered if it is impossible to enter the pleural space due to firm adhesions, to completely remove the peel from the underlying lung surface to achieve sufficient lung re-expansion or in cases of severe bleeding or significant air leak [10, 14, [18] [19] [20] 22] . The former 2 were the reasons for conversion in our study. Because of technical difficulties during the surgery and a higher conversion rate, the VATS empyemectomy would have demonstrated better In one patient two pathogens were identified. and colleagues, in their recent retrospective analysis of 120 cases of VATS empyemectomies, demonstrated that patients with a symptom duration of <4 weeks had better early results when compared with those with a symptom duration >4 weeks [13] . Lardinois and colleagues suggested the use of conversion thoracotomy when the duration of illness was >2 weeks prior to surgery [17] . However, Waller and Rengarajan found that the success of VATS decortication was not related to either the delay between the onset of symptoms or hospital admission and surgery [18] . In our study, we demonstrated that a longer duration of illness and frank pus in the pleural aspirate significantly increased the rate of conversion. Based on our study results, we suggest that early VATS in the management of pleural empyema is justifiable. This was also reported in several other studies [13, 15, 16, 23] . Clinically, it may provide better guidance in making the decision to perform early surgical intervention. Positive microbiological cultures from pleural space are found by different authors in 10-60% of patients [4, 6, 12, 15, 17, [23] [24] [25] [26] [27] . Such a low percentage of positive cultures may be due to effective antibiotic treatment prior to sample collection. It may also suggest that the continual presence of bacteria is not necessary to sustain the ongoing inflammatory response after the initial bacterial invasion [1] . In our study, positive pleural fluid cultures were observed only in 23.9% of cases. The sterility of pleural fluid may reflect the chronicity of the process as well as be associated with the prior antibacterial treatment, which was used in 83.1% of our patients. According to our data, positive cultures did not have a significant influence on the rate of conversion. Stefani and colleagues also did not find a significant influence of positive cultures on conversion rate [15] . Lardinois and colleagues demonstrated that only Gram-negative bacteria significantly increased the rate of conversion, but in general, positive cultures had no influence on the conversion rate [17] .
The average length of hospitalization in the literature varies from 5.7 to 18.5 days but usually is significantly longer if VATS fails or if complications occur [3, 4, 7, 16, 25, 28, 29] . Postoperative stay, as stated by Waller and Rengarajan, is significantly longer in the conversion group than in the successfully done VATS group (8.5 and 5.5 days) [18] . In our study, the postoperative time did not differ significantly when comparing successful VATS and conversion groups. This was also demonstrated by Stefani and colleagues [15] .
Mean operating time was 82 ± 26 min in our study. However, this time was significantly longer in cases of conversion to thoracotomy (76 ± 22 vs 100 ± 28 min, P < 0.001). Similar significant differences were shown in the studies by Waller and Rengarajan [18] and Stefani and colleagues [15] .
The reported complication rate after VATS empyemectomy varied from 9% to 40.2% [4, 6-8, 14-17, 20, 25] . Prolonged air leak, bleeding, recurrence or persistence of the disease, surgical wound infection and residual pleural space were the most common complications. In our study complication rate was 19.7% (14 of 71 patients). Terra and colleagues [6] as well as Stefani and colleagues [15] demonstrated that VATS was associated with significantly lower rates of postoperative complications when compared with cases requiring conversion. Contrary to the above authors, we did not find differences in complication rates between successfully done VATS and conversion groups. Analysing the treatment that was necessary to cure complications, we found that 6 patients (8.5%) required redo surgery (3 due to recurrence of the disease and the other 3 due to haemothorax). All 6 patients were from the VATS group. Moreover, during the first month after discharge, 2 patients were readmitted due to the recurrence of the disease. Both these patients were from the VATS group and both required redo surgery. According to Lardinois and colleagues, recurrence of empyema that required redo surgery was found in 2.4% of cases and did not differ between VATS and open thoracotomy groups [17] . Marra and colleagues identified a 6.5% recurrence rate after a VATS empyemectomy that required redo surgery [25] . Terra and colleagues, similarly to our data, found that the reintervention rate was non-significantly higher in the VATS group when compared with the open thoracotomy group [11.5% (13 of 113) vs 6.5% (6 of 93)] [6] . According to other authors, treatment failures requiring any reintervention post VATS, occurred in 2.4-9.2% [6, 7, 17] . Nonetheless, all 8 patients requiring redo surgery in our study were from the VATS group. The duration of illness in 7 of them was > _16 days. The differences are not significant, possibly due to the small patient cohort, though it demonstrates the tendency that the duration of illness could be an important factor determining the necessity of redo surgery.
One patient died postoperatively in our study. The 30-day mortality rate was 1.4%. The reason for death, as with the Marra and colleagues data [25] , was not associated with pleural empyema.
Recent studies indicate a poor association of imaging results with patient outcomes with provided therapy. Abnormalities on a CT scan do not predict the stage of empyema nor its likelihood of requiring surgical intervention [1] . Furthermore, radiological features on CT are not predictive of which patients will require conversion to thoracotomy from VATS [4, 5, 30] . That was also confirmed in our study: radiological features based on a CT scan or chest X-ray had no influence on the rate of conversion. We also did not find any relation between the conversion rate and laboratory blood or pleural fluid findings. Empyema is a pleural space infectious disease with a broad clinical presentation spectrum. It is essential to fully understand its dynamic process and determine which approach is the most efficient and at what time.
